Uveitis is a sight-threatening disease. Up to 35% of patients may have impaired vision. Inflammation of the uvea tissue has more than 60 etiologies. Previous reports have shown that 20-40% of uveitis cases were noninfectious. Some of them may be associated with systemic rheumatological and autoimmune diseases but some may affect the eyes only. The epidemiology and clinical situations of some specific uveitis entities vary worldwide because they are influenced by genetic, ethnic, environmental, and socioeconomic factors. The Asia-Pacific region comprises more than 30 countries. Epidemiology and patterns of uveitis vary greatly in this region. However, some uveitis entities, such as Behcet's disease, sarcoidosis, and Vogt-Koyanagi-Harada disease, are more common in this region. Many studies on the epidemiology, risk factors, and immune pathogenesis of this disease have been conducted. In this article, we review the epidemiology of noninfectious uveitis and special situations of these three uveitis entities in the Asia-Pacific region.
Introduction
Uveitis is a group of disease entities with more than 60 etiologies. These sight-threatening diseases are defined as intraocular inflammation involving the iris, ciliary body, and choroid, and represent one of the leading causes of visual impairment among the working-age population, contributing to 5-20% of legal blindness in developed countries. Previous reports have shown that up to 35% of patients with uveitis experience transient or permanent visual impairment in one or both eyes [1] . These visual disturbances are followed by mainly direct ischemic and inflammatory damage of ocular tissue or serious ocular complications.
Etiologies of uveitis can be classified into four categories. Studies have revealed that 30-60% of uveitis cases are idiopathic. Localized or systemic infections of virus, bacteria, parasite, or tuberculosis may lead to uveitis. Noninfectious uveitis can be related to systemic rheumatological and autoimmune diseases-such as ankylosing spondylitis, Behcet's disease, sarcoidosis, Vogt-Koyanagi-Harada (VKH) disease, juvenile rheumatoid arthritis, and multiple sclerosis-or can be ocular only -with etiologies such as multifocal choroiditis, multiple evanescent white dot syndrome, birdshot retinochoroidopathy, serpiginous choroiditis, or Fuchs heterochromic iridocyclitis.
The medications and treatment strategies for uveitis for cases with noninfectious etiologies or from infectious pathogens differ. Therapy for noninfectious uveitis should focus on reducing the severity of inflammation, decreasing the frequency of recurrence, and preventing ocular or systemic side effects. Currently, oral corticosteroids and conventional synthetic immunomodulatory therapy agents, including cyclosporine, tacrolimus, methotrexate, azathioprine, mycophenolate, leflunomide, chlorambucil, and cyclophosphamide, are the mainstays of treatment. Anti-tumor necrosis factor alpha (anti-TNF-α), interferon, anti-interleukin-6, and other biologic agents have also demonstrated their efficacy in controlling noninfectious uveitis [2] . Recently, an anti-TNF-α antibody, adalimumab, was approved for treating noninfectious nonanterior uveitis in many countries [3, 4] .
Generally, infectious uveitis is more common in developing countries, and noninfectious uveitis is more common in developed countries. However, genetic and cultural factors are also associated with some specific uveitis entities. For example, toxoplasmosis infection-induced uveitis represents 10% of uveitis cases in the United States but constitutes less than 0.1% of uveitis cases in China [5] . Nevertheless, the incidence of Behcet's disease and VKH disease are much higher in Asian populations than those in Western countries [6] [7] [8] . Although countries in the Asia-Pacific region vary greatly in economic status, they share similarities in culture, race, and environments. In this article, we review the epidemiology and recent studies of specific uveitis entities in this region.
Epidemiology and distribution of etiologies
Incidence and prevalence of uveitis in the Asia-Pacific region have seldom been reported (Table 1) . Nakao and Ohba sent questionnaires to all ophthalmic clinics in Kagoshima prefecture of Japan and estimated that the prevalence of endogenous uveitis in 1996 was 4/10,000 [9] . In 2002, Hu et al. conduced a house-to-house survey in a town in southern China and estimated that the prevalence of uveitis was 15.2/10,000 [10] . Two communitybased surveys, the Andhra Pradesh eye disease study and the Aravind comprehensive eye survey, estimated the prevalence of uveitis in southern India as 73/10,000 in urban Hyderabad city and 31/10,000 in rural Tamil Nadu [11, 12] . The central Australian ocular health study estimated that the prevalence of anterior uveitis presenting in remote clinics of central Australia was 21/10,000, and the prevalence of posterior uveitis was 59/10,000 [13] . Hwang and Rim used nationwide health insurance databases to estimate the epidemiology of uveitis in Taiwan and South Korea. Their results indicated that the incidence of uveitis was 11.1/10,000 person-years and 10.6/10,000 person-years, and the prevalence was 19.4/10,000 and 17.3/10,000 in Taiwan and South Korea, respectively [14, 15] . Most results have shown that the prevalence of uveitis was higher in males than in females in these countries.
Causes of uveitis were usually categorized into three groups in the literature. In previous series, "noninfectious uveitis" referred to those uveitis with specific systemic or intraocular rheumatological diagnoses, "infectious uveitis" referred to those uveitis of which the pathogens have been identified. Uveitis of those the exact etiology or diagnosis could not be made were usually categorized as "idiopathic uveitis" or "uveitis with unidentified etiology". Generally, uveitis with idiopathic etiology was more common to be noninfectious. The distribution of uveitis etiologies varies in the Asia-Pacific region (Table 2) . Uveitis is most commonly caused by noninfectious etiologies, except in Myanmar and Nepal, where noninfectious uveitis respectively represents 11 and 19% of cases; idiopathic uveitis represented 35 and 56%, respectively [16, 17] . Idiopathic uveitis represents the majority of uveitis cases in Bangladesh (47%), South Korea (58%), and Sri Lanka (65%) [18] [19] [20] . In Australia, 42-45% Noninfectious uveitis in the Asia-Pacific regionof uveitis cases were noninfectious, and 33-46% were idiopathic [21, 22] . Studies in New Zealand and the Philippines have shown that infectious uveitis only represents a quarter of all cases [23, 24] . A report from Vietnam revealed similar proportions of idiopathic, infectious, and noninfectious uveitis [25] .
Varying uveitis patterns have been found in many countries. For example, compared with patients before 2010, recent patients in Singapore showed a higher percentage of infectious uveitis [26] . Studies in Japan have revealed that 35-63% of uveitis cases were noninfectious, and 31-50% were idiopathic [7, [27] [28] [29] [30] [31] [32] . These studies [5, 6, 8, [40] [41] [42] [43] . It also represents the majority of uveitis cases in Taiwan, accounting for 47-83% of etiologies [44] [45] [46] . Generally, ankylosing spondylitis and human leukocyte antigen (HLA)-B27 are the most common etiologies of anterior uveitis in countries other than Japan. Study has reported that the prevalence of HLA-B27 positive population in Japan was as low as 0.4%. On the other hand, VKH disease, Behcet's disease, and sarcoidosis are three major etiologies of intermediate, posterior, and panuveitis in Asia-Pacific countries.
Behcet's disease
Behcet's disease is a systemic inflammatory disorder in which oral ulcers, genital ulcers, and uveitis are the three main clinical features. The exact pathogenic mechanism of this disease remains unclear; however, genetic, infectious, and immunologic factors have been found to be strongly associated with it. The disease usually affects individuals aged between 20 and 40 years. Studies in Asia-Pacific countries have reported that 18-66% of patients have uveitis (Table 3 ) [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] . Interestingly, a decreasing trend in the prevalence of uveitis in Behcet's disease has been noticed in China, Japan, and Korea.
Ocular features of Behcet's disease in the acute stage include nongranulomatous anterior uveitis, vitreous haze, retinal hemorrhage or exudates, macular edema, and chorioretinitis ( Fig. 1) . The disease can be highly threatening to vision because final visual acuity can be worse than 20/200 in 19-28% of patients [60, 61] . The main causes of visual impairment in these patients were macular scar, optic nerve atrophy, and phthisis bulbi after multiple recurrences.
Epidemiology of Behcet's disease in the Asia-Pacific region
Although it could be found worldwide, the highest prevalence of Behcet's disease was found in the ancient silk road area that bridges Asia, the Middle East, and the Mediterranean. The incidence of Behcet's disease was reported as 0.4 cases per 10,000 person-years in South Korea and 0.2 cases per 10,000 person-years in Taiwan [58, 62] . The highest prevalence in the Asia-Pacific region has been reported in China at 14.0-110.0 out of 10,000, followed by Japan at 11.9-22.0, and South Korea at 3.3-3.6 [63] [64] [65] . However, Behcet's disease has seldom been diagnosed in Bangladesh, India, Myanmar, Nepal, New Zealand, the Philippines, Singapore, and Sri Lanka [16-18, 20, 23, 24, 26, 33-39] . Most reports have shown the disease to predominantly affect males, although in some countries female patients were more common [58] .
Behcet's disease is a major cause of noninfectious uveitis in many Asia-Pacific countries. It represents 4% of all uveitis cases in Australia, 10-17% in China, 4-28% in Japan, 7% in South Korea, 4-18% in Taiwan, 4-7% in Thailand, and 7% in Vietnam [5-8, 19, 21, 25, 27-31, 40-46] . Several studies have revealed that the incidence and severity of Behcet's disease-related uveitis have decreased with time [66, 67] . The reason for this is unclear; changes in unknown environmental factors may be a possible explanation.
Special circumstances in the Asia-Pacific region
Despite that the prevalence and incidence was not the highest, Japan has been the focus of most studies of Behcet's disease. Many genetic factors and infectious and immunologic issues have been explored and discussed. Clinicians in countries other than Japan usually diagnose Behcet's disease based on the international study group criteria for Behcet's disease, whereas ophthalmologists in Japan usually diagnose based on the criteria proposed by the Japanese Research committee [68] (Table 4 ). An ocular attack score specific to Behcet's disease was also developed for monitoring severity and predicting the outcome of patients with uveitis [69] . The treatment strategy for Behcet's disease in Japan also differs from the recommendation made by the European League against Rheumatism, which suggests that systemic corticosteroids be used in combination with other immunomodulatory agents. Systemic corticosteroids are not suggested for Behcet's patients in Japan since studies have found that long-term steroid therapy may result in poor visual outcome and uveitis may frequently recur during tapering [70] . Systemic infusion of infliximab is usually prescribed if the inflammation cannot be controlled by colchicine or cyclosporine. Japan is one of the first countries where biologic immunomodulatory agents were approved and funded for treating uveitis. Many Japanese studies have proven its effectiveness in decreasing inflammation for cases of Behcet's uveitis [70] . Using infliximab may not only reduce the frequency of uveitis flare-ups but also alleviate the signs of vasculitis and dye leakage in fluorescence angiography. Alternatively, adalimumab has been approved for treating noninfectious uveitis, including Behcet's disease-associated uveitis, in many countries including South Korea and Taiwan.
Sarcoidosis

Epidemiology and clinical manifestations
Sarcoidosis is a systemic granulomatous disease that affects various organs. The exact immunopathogenesis remains elusive. Genetic factors and pathogenic participation may both play roles. Overall, 30-70% of patients with systemic sarcoidosis may be affected by uveitis during the clinical course [71, 72] . Western literature generally shows that 3-10% of uveitis cases are associated with sarcoidosis. In the Asia-Pacific region, sarcoidosis accounts for 1.5-14.9% of all uveitis cases (Table 5 ). In general, sarcoidosisassociated uveitis is characterized by bilateral anterior or posterior granulomatous inflammation in a relapsing or recurring pattern. In the anterior segment, anterior uveitis with iris nodules or mutton-fat keratic precipitates is commonly seen. In the vitreous cavity, vitritis and haze with snowballs are classical presentations (Fig. 2a) . Posterior findings typically include active and atrophic peripheral chorioretinal granulomas and periphlebitis (Fig. 2b, c) .
The prevalence of sarcoidosis is influenced by multiple factors. For example, studies have indicated that Japanese populations are more susceptible to ocular involvement (50-93.5%) compared with populations from other countries (23-60%) [71, [73] [74] [75] . This can be attributed to ethnicity, environmental factors, and possibly the availability of surveillance tools. Physicians in Japan are highly aware of this disease, because sarcoidosis is the most common entity in uveitis [29] . Ancillary tests for angiotensin-converting enzyme or serum-soluble interleukin 2 receptor (sIL-2R) are readily available in Japan. These factors may all contribute to the final diagnosis.
Diagnostic criteria for ocular sarcoidosis
No single clinical or laboratory diagnostic biomarker for sarcoidosis exists. Therefore, a collaboration of uveitis specialists from four continents (Asia, Africa, Europe, and North America) created the international workshop on ocular sarcoidosis diagnostic criteria for sarcoidosis [76] . Takase et al. performed a case-control study recruiting 50 biopsy-proven sarcoidosis cases and 320 control patients with other uveitis etiologies in Japan, and the sensitivity, specificity, positive predictive value, and negative predictive value of the criteria were 1.00, 0.96, 0.78, and 1.00, respectively [77] . Acharya et al. studied an international cohort with 884 cases from 12 countries. Of the 264 cases suspected to have ocular sarcoidosis, 97 (37%) did not meet the criteria. These results suggested that the sensitivity of this proposed criteria is more applicable to Asia-Pacific region, especially the Japanese population, because its criteria were based on the clinical data of many Japanese patients [78] .
Studies regarding the immunopathogenesis of sarcoidosis
Studies increasingly suggest that the immunopathogenesis of sarcoidosis is highly associated with environmental and Because hilar or mediastinal lymphadenopathy is one of the hallmarks of sarcoidosis, it is reasonable to suppose that the triggering microorganism enters the human body through the respiratory tract. Research on animals revealed that inadequate response of toll-like receptor 2 to the pathogen (such as deficient myeloid differentiation primary response protein 88 (MyD88) activity) might result in impaired bacterial clearance [82] . In this case, subsequent systemic spread of the pathogen via the bloodstream results in the involvement of multiple organs. Intracellular proliferation of P. acnes in macrophages triggers T-helper cell hypersensitivity and granuloma formation. Aberrant aggregation of serum amyloid A within granulomas and cascades of cytokines (e.g., interferon-γ, interleukin-2, and TNF-α) promotes chronic granulomatous inflammation such as sarcoidosis [83] .
Treatment
In general, the treatment of sarcoid uveitis follows the general stepladder approach in noninfectious uveitis. As the disease responds favorably to steroid treatment, in isolated iridocyclitis with minimal intermediate or posterior segment involvement, topical steroid could suffice to control the disease. In cases of panuveitis, however, systemic therapy should be administered, with a starting dose of 0.5~1 mg/ kg per day and gradual tapering. In cases of asymmetric presentation, or with systemic comorbidities, local steroid injection can be considered, including subtenon/orbital floor injection of triamcinolone, or intravitreal injection of dexamethasone implant. In cases with refractory or persistent relapsing-remitting courses, traditional immunosuppressive agents should be applied. Antimetabolites (methotrexate, azathioprine, or mycophenolate) or calcineurin inhibitors (cyclosporine or tacrolimus) can be administered as a single agent or as combined usage [2] .
If the traditional treatment failed to achieve favorable clinical response, further escalated management with biologics should be considered. Anti-TNF-α agent is the first choice of biologics for ocular sarcoidosis. Two recent pivotal multinational phase 3 trials established the effectiveness of adalimumab (a fully humanized monoclonal antibody) in treating noninfectious uveitis. In VISUAL 1 study, 18 subjects with active sarcoid uveitis responded to adalimumab, with a 50% reduction in experiencing treatment failure than the placebo group [3, 84] . In VISUAL 2 trial, 229 inactive uveitis cases (including 32 cases with sarcoidosis) were investigated. Adalimumab administration also showed a significant prolonged time to treatment failure [4] .
VKH disease
Introduction and clinical features
VKH disease is a multisystemic disorder characterized by bilateral granulomatous panuveitis with exudative retinal detachments from inflammation of the choroid (Fig. 3) . VKH disease occurs more commonly in patients with a genetic predisposition to the disease, including those from Asian, Middle Eastern, Hispanic, and Native American populations, but not blacks of sub-Saharan African descent. This suggests that risk factors of VKH disease do not depend on skin pigmentation alone. T-cell-mediated Systemic symptoms of VKH disease include headache, orbital pain, fever, nausea, meningism, vertigo, and tinnitus. These symptoms usually precede the onset of ocular disease by a few days and are followed by an acute uveitic phase that may last for weeks. The hallmark ocular presentation in the acute phase is bilateral exudative retinal detachment. The convalescent stage follows several months after the first episode of ocular inflammation, with developing signs of depigmentation of the eye and skin. Sunset-glow fundus changes representing choroidal depigmentation exhibiting bright orange-red reflex are more common in Asians. Perilimbal depigmentation can be observed in up to 85% of Japanese patients, whereas Caucasians and other nonJapanese patients with VKH disease, such as Singaporean [85] and Chinese patients [86] , rarely develop the sign. The diagnostic criteria for VKH disease are based on clinical findings of ocular and extraocular manifestations. However, cerebrospinal fluid analysis is more commonly performed to confirm the diagnosis in Japan than in other countries.
Epidemiology
VKH disease has worldwide distribution but a predilection for darkly pigmented peoples, particularly those with Asian, Middle Eastern, Hispanic, and Native American ancestry.
VKH disease is less common in countries where Caucasian populations are predominant (Table 6 ). In a retrospective chart review conducted in a tertiary hospital in China, VKH disease was the second most common identifiable cause of uveitis (15.9%), with the first being Behcet's disease [5] . Southern Vietnam also has a preponderant population of patients with VKH disease (14%), and VKH disease was [20] New Zealand 1% (1148) Wong et al, 2016 [23] the most frequently identified cause of noninfectious uveitis in that region [25] . A review of the literature on the epidemiology of uveitis in the Asia-Pacific region indicates that China has the highest frequency of VKH disease among countries in the region. This is followed by Vietnam, Taiwan, Hokkaido (Japan), the Philippines, Singapore, and New Zealand, where VKH disease only contributes to 1% of uveitis cases ( Table 1 ). The frequency of VKH disease as diagnosed uveitis in tertiary centers may be changing. A study from Tokyo University Hospital indicated a decrease in patients with VKH disease from 6.3% in 2004-2006 to 4% in 2010-2012. The authors attributed this finding to the increase in optical coherence tomography in communitybased clinics, making diagnosis easier and allowing more patients to be treated rather than referred to university hospital-based clinics [31] . Gender predilection of VKH disease seems to vary globally. Studies from the Philippines and India have suggested that women are affected more frequently than men, whereas men and women are equally represented in other studies from the Asia-Pacific region [24, 25, 43, 85] .
VKH disease research in the Asia-Pacific region
Because VKH disease is an inflammatory disease affecting mainly the choroid, extensive research has focused on the evaluation of choroidal ultrastructural changes before, during, and after treatment of the disease. The advent of multimodal imaging and especially enhanced depth imaging optical coherence tomography (OCT) has improved the understanding of this challenging illness. Fong et al. first used OCT in 2011 to evaluate the structural changes of the choroid in patients with VKH disease and found loss of inner choroidal focal hyperreflectivity [87] . Nakayama et al. used OCT to reveal decreasing choroidal thickness with high-dose corticosteroid treatment and suggested that choroidal thickness as measured by OCT may serve as a marker for the degree of choroidal inflammation in acute VKH disease [88] . OCT can also be a useful tool for detecting latent choroidal inflammation in VKH disease in eyes with remission subfoveal choroidal thickness greater than 240 microns. Tagawa et al. noted the choroid in eyes of patients with VKH disease thickened significantly prior to anterior segment recurrence [89] .
Novel parameters derived from OCT may provide further insights. The luminal/stromal ratio as measured by binarization of OCT images was found to be a predictive factor for the progression of peripapillary atrophy, subsequent chronic recurrences, and total dose of corticosteroid, thus serving as a marker for the degree of choroidal inflammation in VKH disease [90] . Moreover, pathological changes of VKH disease can be evaluated through polarizationsensitive OCT to document in vivo the choroidal melanin loss in chronic VKH disease [91] . The definitive pathophysiology of VKH disease remains elusive, and further research is warranted to understand the immunogenetic and infectious basis of the disease.
Therapy
Early treatment with systemic high dose corticosteroid remains essential to the treatment of acute VKH disease. Systemic corticosteroid treatment should be tapered off slowly and the duration of the treatment should be greater than 6 months for the treatment of acute VKH in order to decrease the risk of recurrence manifested as exudative retinal detachment, and to improve final visual acuity [92, 93] .
Park et al. investigated whether route of corticosteroid administration during the acute stage of VKH disease affects depigmentary change as determined by Sunset-glow fundus scores and subfoveal choroidal thickness (SCT) during the convalescent stage [94] . Compared to oral administration of prednisolone with the initial dosage of 0.8-1.0 mg/kg/day for at least 2 weeks, intravenous infusion of methylprednisolone 1 g/day for 3 days initially resulted in less depigmentary changes and greater SCT during the convalescent stage. In addition to corticosteroids, immunosuppressive agents such as cyclosporine A, methotrexate, azathioprine, mycophenolate mofetil, and alkylating agents have been used successfully to treat VKH. The international uveitis study group and the American uveitis society have recommended treatment of VKH with immunosuppressive agents necessary in order to decrease recurrences [95] .
In challenging cases with poor treatment response to corticosteroids and immunosuppressive agents, biologic agents such as adalimumab, rituximab, and infliximab have been shown to be effective in these cases [96, 97] . These biologic agents provide a quick and effective way to suppress the intraocular inflammation and increase the possibility of tapering systemic corticosteroid. Nevertheless, reactivation of tuberculosis is a possible side effect when the patients were treated with Anti-TNF-α agents. Screening of systemic tuberculosis should always be performed prior to these anti-TNF therapy.
Summary
Noninfectious uveitis represents a large proportion of all uveitis in Asia-Pacific countries. The distribution of patterns and entities of uveitis vary with genetic, ethnic, environmental, and cultural factors. This review finds that the variation exists not only between countries but also times and locations within countries. Nevertheless, Behcet's disease, sarcoidosis, and VKH disease remain the three of the most common causes of noninfectious uveitis in Asia-Pacific countries. Many studies of these diseases have been conducted in this region. Although the understanding of these diseases has improved recently, the exact mechanism and immune pathogenesis of these diseases remain unclear. A collaborative study exploring genetic and environmental factors, pathogenesis, and treatments of specific disease entities might improve knowledge and patient outcomes in the future.
